• It is the responsibility of all clinicians undertaking laser dentistry to observe safe practice and, where required, register such use with regulatory authorities.
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Laser regulation and safety in general dental practice S. Parker 1 Laser devices, instruments and machines vary in their potential for light energy emission from low-powered hand-held or integrated devices, to high-powered units capable of cutting and ablating tissue and materials. The safe use of lasers in dentistry extends to all personnel who might be exposed, either deliberately or by accident, and demands of the lead clinician an approach to their use in order that risk of accidental exposure to laser light is minimised. The scope for regulations extends in similar ways to those imposed on the use of ionising radiation in the dental practice. Laser safety measures in the dental surgery are often drawn from the safe approach to the use of lasers in general and other specialties in medicine and surgery. This article serves to examine the risks involved in laser use in dentistry, the regulations governing safe use and the responsibilities of personnel involved in providing treatment to patients.
REGULATIONS AS TO USE OF LASERS IN DENTISTRY
As described earlier, the expansive development of laser use in medicine and surgery occurred during the 1970s and early 1980s. In the UK, suffi cient concern was raised as to the suitability of training and regulation of practitioners using lasers, which resulted in a timely amendment to the Nursing Homes Act in 1985. Although laser use was considered peripheral to the core of the Act, compulsory registration of medical (and, after 1990 , dental) practitioners with local health authorities was required, in addition to a general compliance under the Health and Safety Act. With respect to dental practice, the new 'laser dentists' using surgical lasers received perfunctory inspection from health authority personnel. Although the auspices of the Nursing Homes Act were expansive, dental practice inspection was often limited to an assessment by a laser protection advisor (usually a medical physicist), as to the suitability of premises, controlled area, local rules and training record of dentists using these lasers.
In 2000, the Nursing Homes Act was replaced by the Care Standards Act and the setting up of the Healthcare Commission in 2004 1 has resulted in a much more specifi c attitude to the regulation of all personnel who use both lasers and intense light sources. Notwithstanding the extent of the scope of interest shown by this authority towards the provision of primary healthcare in general, and the implications for general dental practitioners who use lasers, specifi cally the duty of the practitioner, in using surgical lasers can be listed as follows:
• Application for registration as a user of a surgical laser with the Healthcare Commission In contrast to other countries, there is as yet no statutory requirement per se for formal or on-going training or education in the use of lasers in dentistry in the UK. The Healthcare Commission would view attendance at postgraduate courses, such as those offered by the European Society for Oral Laser Applications (ESOLA) and the Academy of Laser Dentistry (ALD), as being indicative of ongoing training and profi ciency examinations given by such organisations are accepted by the Healthcare Commission as evidence of the suitability of the practitioner to use surgical lasers on patients.
The specifi cs of safety with regard to the use of lasers extend primarily to eye protection, although target oral tissue exposure is important; the parallel requirements of regulations with regard to ionising radiation equipment can be readily appreciated. -'Conformité Européene', which literally means 'European conformity'). The CE mark proves to buyers that the product (production prototype) fulfi ls all the essential safety and environmental requirements as defi ned in the European directives. The safety of lasers is based on the proper design of laser equipment and on the adoption of appropriate precautions during use. What discrepancy that might have occurred between the policies adopted by the USA and North America and other major regions, has been somewhat unifi ed through the defi nition and adoption of the recommendations of the International Electro-technical Commission (IEC). This has resulted in a broad set of regulations that safeguard the product licence of laser machines and defi ne protection measures for personnel who are associated with their use. Detailed requirements are given in a number of recognised safety standards, the principal international standard for laser safety being IEC 60825-1. 4 This standard applies throughout much of the world, and is adopted in Europe as EN 60825-1, where it is used in support of various European directives. 5 The USA has always had its own regulation on lasers (known as 21 CFR 1040.10); this is a USA government regulation (rather than a standard) and is written into US law. However, the issue of FDA Laser Notice 50 in 2001, sought to inform laser product manufacturers that the US FDA will now accept IEC classifi cation and labelling.
The IEC recommendations are expanded through two instruments: Within the UK, the regulation of practices wishing to use surgical and other powerful lasers is undertaken by the Healthcare Commission, which draws upon legislation outlined above in its determination of safe and proper use. The Healthcare Commission has taken over the work of The National Care Standards Commission in ensuring compliance with the Care Standards Act 2000, which denotes national minimum standards for laser use. Dental practices using powerful lasers (Class 4 -see below) must register with the Healthcare Commission. 6 
LASER CLASSIFICATION
Originally, the classifi cation of lasers used in healthcare was through an ascending Class I-Class IV to denote increased risk associated with use, and this classifi cation is still in operation in the USA (I, IIA, II, IIIA, IIIB and IV). In the light of IEC recommendations, such classifi cation has been revised to refl ect exposure during use with magnifi cation instruments, such as surgical microscopes. An overview of the classes of lasers, which represents their essential power, is given in Table 1 .
The classifi cation recognises risks associated with laser use and hazards pertaining to exposure of the eye and other tissues to the laser beam. [7] [8] [9] A 'worst case' scenario is adopted, which includes minimal distance from the laser, prolonged exposure to laser light and an assumption that non-protective spectacles are worn. Lasers have to be properly labelled to indicate their class and to warn users of their potential hazard. They must also incorporate certain safety features, dependent on their class, which are specifi ed in the safety standard. In 2002, a revision in accordance with European Standard EN 60825-1 was undertaken, with respect to maximum permissible exposure levels (MPEs), which rendered the adoption of the new classifi cation. Individual MPE values vary according to the varying sensitivity of possible target tissues, eg the eye and skin and are expressed in Joules or Watts per area (J cm -2 , W cm -2 ). 10 Generally, the longer the wavelength, the higher the MPE value; the longer the exposure time, the lower the MPE value.
Classes of laser
Class I: examples are found in CD players and laser caries detectors. Viewing with the naked eye poses no implicit risk, but caution should be observed if wearing spectacles or using optical devices (Class IM -'magnifying'). The maximum power output of these lasers is 40 µW (blue light) and 400 µW for red light emissions.
Class II: examples are laser pointers. There exist specifi c risks to viewing light emissions, both to the naked eye and when using magnifi cation. 11, 12 The maximum output is 1 mW.
Class III: the 'old' Class IIIA is replaced by Classes IM and IIM. Class IIIB represents maximal power output of 0.5 W. Examples include 'soft' medical lasers (LLLT), laser light show equipment and laser measuring devices. Environmental controls, protective eyewear, appointment of assigned safety personnel (laser safety offi cer, laser protection advisor) and training in laser safety are required by personnel using these lasers. 13 A new classifi cation is the Class IIIR, which may also include some low level medical devices and targeting lasers, but generally lasers of lower power outputs than IIIA. For emission in the visual range of wavelengths (400-700 nm), the maximum power output is 5 mW and with invisible wavelengths, 2 mW. The same safety measures are required as with Class IIIB lasers. 14 Class IV: This Class includes all high-powered, surgical and other cutting lasers. There is no upper limit of power output. All surgical lasers used in dentistry and oral and maxillofacial surgery are included. The protective measures applicable to Class III lasers are further endorsed with the additional risk of fi re hazards, due to fl ash-point temperatures being reached in chemicals used adjunctively to surgical procedures. This group of lasers represents the greatest risk of damage, both to unprotected persons and target tissue, either through direct or refl ected and scattered beams. 15 The new grouping classifi cation can be used to defi ne the broader risks associated with inadvertent use. The greater aspects of laser safety for unprotected personnel can be grouped as instantaneous eye exposure, longer (magnifi ed) eye exposure, direct or specular refl ected beam exposure and skin (non-occular) exposure. The relative risks The remainder of this article will address safety issues associated with Class IV (mainly) and Class III lasers.
RISKS ASSOCIATED WITH LASER USE Laser beam risks
These risks are those that are posed by exposure of non-target tissues to laser beams. Because of the intensity of the output beam and the ability of lasers to produce very high concentrations of optical power at considerable distances, these lasers can cause serious injuries to the eyes and can also burn the skin.
Optical risks: the majority of laser-induced ocular injuries are considered due to operator error. 16 In general and with specifi c reference to lasers used in dentistry, there exist two groups of wavelengths that can adversely affect the eye. 17, 18 Wavelengths from 400-1,400 nm (visible and near-infrared) can pass through the transparent structures at the front of the eye and impact on the retina (Fig. 2) . Longer wavelengths (2,780-10,600 nm, mid-to far-infrared), will interact with the cornea.
In terms of the scope for repair, retinal injuries are more serious. [19] [20] [21] [22] Due to the focussing ability of the lens, a 1 mW (0.001 W) laser beam, passing to the back of the eye, results in a retinal irradiance more than 300 W cm -2 , well above the ablation threshold. Visible wavelengths may selectively destroy red or green cones, resulting in some colour blindness, although the majority of retinal laser burns affect complete areas of tissue due to the predominance of invisible wavelengths in dental lasers. Retinal injury may initially pass unnoticed, due to the lack of pain receptors. 16 Longer wavelengths will interact with structures at the front of the eye, causing ablation, scarring and distortion of vision 23 (Fig. 3) .
Skin risks: Whilst UV lasers (<400 nm) are not commercially used in dentistry, there is a combined risk of ablative damage to skin structure and possible ionising effects that may be pre-cancerous. All other laser wavelengths can cause 'skin burns' 24, 25 due to ablative interaction with target chromophores.
Non-beam risks
These risks are associated with possible physical damage arising from moveable components of a laser, electrical shock and mains supplies (pressurised air, water). Fire risks, through the ignition of tubing, some anaesthetic gases or chemicals (eg alcoholic disinfectants), should be identifi ed and avoided. [26] [27] [28] [29] [30] In addition, the products of tissue ablation (plume) represent a considerable hazard that can affect the clinician, auxiliary personnel and the patient. Suitable fi ne mesh face masks specifi c to surgical laser use, gloves and high-speed suction aspiration must be used to control the spread of all laser tissue ablation products (see Fig. 4 ). The effect of plume inhalation can be serious and cause nausea, breathing diffi culties and distant inoculation of bacteria. [31] [32] [33] [34] The plume arising from mid-infrared wavelength ablation of dental hard tissue is comparatively less potentially dangerous and can be considered similar to the debris that is produced with an air turbine. 
Laser plume

LASER SAFETY MEASURES
Environment
The concept of laser beam collimation is only true for transmission in a vacuum, or at its immediate exit from the laser cavity. In air, and certainly through a delivery system with or without focussing devices, some divergence will occur. Accepting the power output, amount of divergence and beam diameter and confi guration, a nominal ocular hazard distance (NOHD) can be assessed. 35 This is a distance from the laser emission, beyond which the tissue (eye) risk is below the MPE. This is a complex calculation that can be done by a medical physicist, but for a Class IV dental laser, this distance is approximately three metres. Consequently, as with ionising radiation, the concept of a controlled area can be adopted, within which only those personnel directly involved in laser delivery can enter and with specifi ed protection. [36] [37] [38] [39] The controlled area must be delineated with warning signs (Fig. 5 ) that specify the risk, windows, doors and all surfaces should be non-refl ective and access throughways either supervised or operated by remote inter-locks during laser emission. A secure locked designated place for the laser key, if applicable, should be assigned, together with a designated place for all laser accessories. In addition, a suitable fi re extinguisher should be sited for easy access.
Safety offi cers
Dental practices offering Class IIIB and IV laser treatment, must appoint a laser protection advisor (LPA) and a laser safety offi cer (LSO). The LPA is usually a medical physicist who will advise on the protective devices required, MPE and NOHD for any given laser wavelength being used. The LSO is appointed to ensure that all safety aspects of laser use are identifi ed and enforced. Ideally, this could be a suitably trained and qualifi ed dental surgery assistant. Duties of the LSO include the following:
• 
Access
Relative to, for example, a hospital operating theatre, most dental surgeries exist within rooms with physical barriers -walls and one or possibly two access doors. As such, nonauthorised access can be controlled easily. However, most Class IV lasers have a remote inter-lock jack socket, whereby door locks and warning lights can be activated during laser emission. Those dental clinics that operate a multi-chair, open-plan environment would need to address the requirement in greater detail. During laser treatment, only the clinician, assistant and patient should be allowed within the controlled area.
Laser safety features
All lasers have in-built safety features that must be cross-matched to allow laser emission (Figs 6-14) . These include:
• Emergency 'Stop' button • Emission port shutters to prevent laser emission until the correct delivery system is attached 
Eye protection
All persons within the controlled area must wear appropriate eye protection during laser emission. It is considered advisable to cover the patient's eyes with damp gauze for long wavelength peri-oral procedures. 40 The LSO should select the correct eyewear for the laser wavelength being used, these should free of any scratches or damage and be constructed with side protection (Figs 15 and 16 ).
Such eye protection must then be properly specifi ed for the exposure conditions that could occur, and its use must be subject to a strictly-enforced written policy. In Europe, laser eye protection must conform to either EN 207 or EN 208, and be CE marked to indicate compliance with European legislation. All protection glasses or goggles should be marked with the wavelength for which protection is given, together with a value of optical density (OD). 41 The OD refers to the ability of a material to reduce laser energy of a specifi c wavelength to a safe level below the MPE. The OD value should be '5.0' or above for adequate protection. In addition, through the new regulation, other factors are now deemed necessary and these are listed as follows:
• The L6A protective grade defi nes the suitability for the eyewear within clinical, industrial or research conditions. OD and DIN values should be >5.0. Wavelength values may be specifi c, eg 400 nm, or grouped, eg 2,780-10,600 nm. 'DIR' defi nes the operation (emission) mode of the laser. Each value is measured against the following coding: 'D' = CW mode, 'I' = pulsed mode, 'R' = Q-switched mode.
An example of what should appear on a pair of correctly prescribed Nd:YAG protective glasses is as follows: OD5/ IR 1064nm/ L6A/ RH/ DIN5 (+CE).
Test fi ring
Prior to any laser procedure and before admitting the patient, either the clinician or LSO should test-fi re the laser. This is to establish that the laser has been assembled correctly, is working correctly and that laser emission is occurring through the delivery system. Protective eyewear is worn and all other safety measures met. The laser is directed towards a suitable absorbent material, eg water for long wavelengths and dark coloured paper for short wavelengths, and operated at the lowest power setting for the laser being used (Fig.  17) . Following this, the laser is inactivated and the patient admitted.
Local rules
As with ionising radiation, a set of local rules must be compiled for practices carrying out The local rules should be read and signed by all practice personnel involved in delivery of laser treatment and should be updated regularly.
Training
All staff members should receive objective and recognised training in the safety aspects of laser use within dentistry, as with other specialties. [42] [43] [44] There is no legal obligation for this, although the Healthcare Commission would consider this to be part of the national minimal standards, against which the registered practice is inspected. National bodies, such as the National Physics Laboratory and the NRPB, offer courses in laser safety, although dental laser organisations such as ESOLA and the ALD carry examination-based LSO grading courses.
CONCLUSION
The consequence of excess laser power delivered to target tissue has been presented in previous articles in this series. Above a range of maximum permitted exposure values, nontarget tissue is subject to accidental exposure which, in the case of the eye, can result in permanent damage. Anyone working with or responsible for potentially hazardous laser equipment should be properly trained in laser safety, be aware of the nature of laser hazards and understand the procedures and safeguards that need to be implemented. Employers have to establish an adequate safety policy for the management and control of risks arising from the use of laser equipment.
The current legal framework for laser safety is a somewhat blurred overlap of competing regulations, but a 'best practice' approach to laser safety, often to address a 'worst case' scenario, is essential. The classifi cation of lasers defi nes power capability relative to ocular risk, protective eyewear is specifi ed to attenuate laser light within dedicated individual limits and the general approach to laser safety within the workplace serves to protect the patient and staff.
